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Thailand is located in a tropical, monsoonal area with an average annual rainfall 
of 1,560 mm. The climate is distinguished by dry and wet seasons, and 85% to 90% of 
the total rainfall occurs from May to October. The country is one of the world’s top ten 
rice-producing countries with the rice cultivation areas of about 10.4 million hectares, or 
50% of farm-holding areas, or 20 % of the total country area. The central plain of 
Thailand is the major rice producing area of the country. It is divided into upper and 
lower plains. The upper central plain comprises of floodplains of the Ping, Wang, Yom 
and Nan rivers flowing from the North.  The four tributaries join to form the Chao 
Phraya River in Nakhon Sawan province. Sediments in the upper central plain are mainly 
alluvium and fluvial deposits resting on bed rocks. Usually, these sediments are 
intercalated in layers, and some are in lenses. They are found as exposure and underlay 
younger sediments that slope to deeper groundwater basins in lower central plains. Large 
reservoirs have been constructed in the Ping, Wang and Nan Rivers, with an exception of 
the Yom River. These large reservoirs supply water for agricultural and domestic uses in 
downstream areas in the dry season and protect people from floods by keeping surplus 
water in the wet season. Because large reservoirs are not available, the Yom river area 
frequently suffers from floods, particularly in floodplains without an irrigation system 
(no flood protection structures). On the other hand, this non-irrigated area often has 
water shortage problems, particularly in the dry season because the Yom River has a low 
flow or even no flow in some period. Owing to the unbalance of demand and supply, 
most farmers of floodplain paddy fields in this non-irrigation area extract groundwater 
from their own groundwater wells for cultivation all year long.  The number of wells has 
been on the increase during this past decade.  Farmers have pumped out a great amount 
of water from these wells, resulting in a severe decrease of the groundwater level with no 
sign of recovery. While paddy fields in floodplains frequently have flood problems, 
those that require extraction of groundwater for cultivation face problems of the fall of 
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groundwater levels due to over-pumping. Concerned about these problems, the author 
conducted this study with an aim to find a wise and sustainable use of water resources. 
The purpose of this study is, thus, to do a precise study on unconfined aquifers or 
subterranean geography in order to reduce flood hazards and recover a suitable 
groundwater level by using flood water to recharge aquifers. This study covers the 
groundwater cycle and the possibility of artificial recharge. However, other factors – 
including a suitable study area choice, a characterization of the geological situation, the 
establishment of wells for continuous observation and equipment for automatic water 
level observation between the flooding periods – are necessary. Part of the low land 
paddy fields in Phichit floodplains, a major recharge area of Thailand, was selected as 
the study area. Observation systems were installed in one precipitation site, one Yom 
River water level site and 22 groundwater level sites. The in-situ permeability 
examination at the time when the 22 observation wells were bored in the study area and 
pumping tests conducted at two wells showed that the permeability K of soil of the first 
aquifer ranged from 0.0014 to 0.00054m/s and the storativity S ranged from 0.001 to 
0.20. The observations were conducted to achieve the study’s aforementioned purpose. 
The hydrogeological map of the study area, based on the boring log data at the 
locations of existing wells and new observation wells dug specially for this study, was to 
ensure understanding of different layers of the soil. Other field data such as flood 
boundaries and inundation periods, ground surface infiltration capacity, specifics of farm 
wells, etc. were systematically collected. The author investigated the behavior of the 
groundwater and factors influencing groundwater levels in the study area, and found that 
this tropical floodplain area has quaternary sediments and a rather complex water 
recharge behavior.  
The preliminary analysis of existing data yielded that the groundwater cycle in this 
area is defined by a combination of both natural and artificial recharge/discharge. The 
natural recharge/discharge consists of recharge from the Yom River water, penetration of 
floods and rainwater, and infiltration in ponds/commercial sandpits. The artificial 
recharge/discharge consists of seepage in paddy fields, and discharge from farm wells. 
The author attempted to analyze the relationship between the groundwater levels and the 
influencing factors. Then, the study area was divided into three local areas: river 
neighborhood area, middle area (4-8 km from the Yom River) and highland (8-10 km 
from the Yom River) to examine the influence of the Yom River head on GWL change.  
After that, the author calculated the correlations between GWLs and river water levels at 
different lag times. The result showed that GWLs in the river neighborhood area and part 
of the middle area were strongly influenced by the Yom River water level, and GWLs in 
the highland area had little relations to the Yom River water level. The calculation lag 
times were 14 – 43 days in the river neighborhood, 23 – 50 days in the middle area, and 
16 – 57 days in the highland.  The ranges of the flood periods in 2002, 2003 and 2004 
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were estimated and the recharge mechanism of the groundwater was examined by 
comparing GWL distribution with this flood range. The result clearly showed that the 
GWL quickly rose by infiltration in accordance with floods through high infiltration 
areas, natural ponds, farming ponds and sandpits. The author calculated the coefficient of 
the correlations between GWL and water level at sandpits with more than 10m depth to 
examine the influence of ponds and sandpits in the study area. The result showed that 
water levels at sandpits had high correlations with GWL, and we thus can conclude that 
water levels of sandpits greatly affected GWL.  
The recharge through the ground surface from rainfall, floods and water kept in rice 
fields was estimated by using the ground surface infiltration capacity.  On the other hand, 
the recharge from ponds and sandpits depended on their number and the conditions at 
their bottoms, which made it difficult to estimate the recharge rate. Thus, the study 
applied the Tank model concept and used the data collected during the years 2002 - 2004 
for the recharge estimation from ponds and sandpits. The recurrence intervals of the 
maximum discharge in 2002, 2003 and 2004 are approximately 2 years, 24 years and 2 
years respectively. The recharge volume calculation results showed that these values 
depended on the amount of rainfall and flood conditions in each year. In addition, the 
result of the Tank model showed that the lateral flow to this area was of a small value.   
The three-dimensional unconfined aquifer groundwater flow (GWF) model of the 
study area was developed by using the MODFLOW program. The program presented 
two results in terms of attaining water balance: 1. in case of present conditions 2. in case 
of eliminating groundwater extraction by using surface water instead. The simulated 
groundwater level appeared to be in accordance with the observed values with the 
exception of a few certain locations. According to the water balance calculation results, it 
can be concluded that the main source of groundwater of this area is ground surface 
recharge (approximately 85 - 100% of the total inflow), balanced by some leakage to 
lower aquifers (approximately 72- 95% of the total outflow).  The leakage of the Yom 
River to aquifers does not greatly affect the groundwater level of the whole area, but it 
influences the groundwater level near the river. The annual water balance of groundwater 
is strongly influenced by inflow of floods and by outflow caused by pumping. The 
groundwater level in this area is likely to be lower in the future since groundwater inflow 
is less than outflow despite possible floods of a 24-year return period.  Therefore, if there 
is little flood and the number of farm wells continually increases, the GWL in this area 
will decrease.  On the other hand, if surface irrigation can support farmers and thus stop 
farmers from pumping groundwater, the groundwater can rise by 10 – 160 cm.  
The simulation results when calculated without consideration of recharge from 
ponds and sandpits after floods end show the total recharge in the dry season decreased 
by 40%. The leakage to lower aquifers decreased by 40-50% as the water supply from 
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recharge decreased. The result of 3-D GWL simulation gave a similar result with the 
Tank model, but it yielded a more precise result.  
The recharge system was constructed at Ban Neon Kwang School in the study area 
to recharge top aquifers with rainfall from the large-roofed area. It consisted of a square 
seepage pit of 100 cm in width, 100 cm in length and 110 cm in depth connected to a 
seepage trench of 200 cm in width, 500 cm in length and 110 cm in depth with four 
percolation pipes with 4-inch diameter, 240 cm in length penetrating from the bottom of 
the trench to the coarse sand layer. Gravels with effective porosity 0.29 were found in 
this seepage system. The rainfall depth and the water levels in the trench and the 
observation wells were continuously recorded by the data logger. The basic program for 
the flow simulation in this recharge system was developed, based on the Tank model 
both for artificial recharge and natural rainfall recharge testing. The artificial recharge 
experiments were conducted three times. The first experiment result yielded that there 
was insufficient air ventilation inside the system. The second and third artificial recharge 
experiments were done to evaluate the system efficiency after the air ventilation system 
was improved and again after this recharge system had been installed for 3 years. The 
simulation result of the natural recharge of 23 storms data (during December 2000 - 
August 2001) before the system was improved showed that the system could recharge 
subsurface with rainfall by about 5.7 % of the total rainfall. After the system was 
improved, the simulation result of 45 storms data (10 Aug. 2001- Aug. 2002) presented a 
significant increase in recharge efficiency to 45.8 % and 33.0% for the total rainfall 
depth of less than 15 mm. and more than 15 mm. respectively. The average recharged 
rainfall to top aquifers is approximately 45.6 % of the total rainfall or 0.65 m3/year/1m2 
of the roofed area. If this system is constructed in the whole study area of 6,700 houses, 
the total recharge volume of 200,000 m3/year can sufficiently recharge the subsurface. 
The ground water level rise by each storm was estimated from the data on the ground 
water level recorded by the sensor. The analysis of the relations between the recharged 
volume and the rise of the ground water level showed the ground water would rise by 
about 1.10 cm. per 1 m3 of the recharge volume. The recharge rainfall to subsurface can 
increase if more percolation wells were built. As a result of the calibration of the model’s 
parameter in the third artificial recharge test, the seepage capacity coefficient of the 
percolation wells decreased from 0.000036s-1 to 0.00002s-1 or 50% after 3 years of 
installation.  
